Degradation of the world's drylands ranks among the greatest contemporary environmental problems. Between 10 and 20% of them are already degraded, and most of this degradation can be attributed to human activities (Millennium Ecosystem Assessment, 2005). Their sustainable use is therefore urgently needed. Since pastoralism is the main use of drylands, it requires an accurate understanding of the relationships between livestock and vegetation (Suttie et al., 2005) .
been opposing each other. In the equilibrium model, vegetation and herbivores are assumed to live in a balance in which pasture condition is the result of interactions between grazing and plant primary production. The associated management consists in estimating the amount of forage produced by the concerned pasture, and calculating the number of animals that can be fed on it, i.e. its carrying capacity (Vetter, 2005) . In the non-equilibrium model, forage production fl uctuations due to the precipitation variations inherent to arid climates are so high, that livestock numbers can not track them (Ellis & Swift, 1988) . In addition, extensive multiyear droughts regularly lead to massive die-offs, Arid grazing systems can behave according to both equilibrium and nonequilibrium models, depending on spatial and temporal scales. Regarding spatial aspect, key resource areas with access to water bodies can indeed be in equilibrium with livestock while rainfall dependent areas can be nonequilibrium. It is important to understand the application range of each of the models, since associated management is different. We studied the plant communities on a Mongolian Gobi site, paying particular attention to the communities connected to the water table. We found evidence that the vegetation structure on the main river's fl oodplain is shaped by grazing, meaning that it is in the equilibrium model condition. This vegetation type covers 7.61% of our study site. We therefore concluded that from a spatial viewpoint, at least 7.61% of our site behaves according to the equilibrium model.
Introduction
Joly et al. Key resource areas of the Mongolian Gobi 14 which are assumed to prevent livestock numbers from getting too high to impact vegetation. In this model, livestock has no real effect on pasture condition, and is consequently unable to cause degradation of vegetation (Scoones, 1995) . In this context, the appropriate management relies on fl exibility in order to utilize a very unpredictable grass resource. An opportunistic approach based on mobility is therefore recommended to exploit the fl uctuant and patchy rainfall of the arid environments (Vetter, 2005) .
Some authors challenged this dualistic perspective and contended that the reality stands between the two models, notably due to the existence of 'key resource areas'. The key resource areas are habitats within arid systems, such as drainage lines or wetlands, that can provide forage with much less fl uctuation than rangelands (Illius & O'Connor, 1999) . Vegetation and livestock can be coupled in these key resource areas, while being uncoupled in the rest of the system. For example, during a post-drought population recovery, animal numbers increase, and ultimately become density dependent with the key resource areas which operate in a source-sink manner. In the rest of the concerned system, the vegetation fl uctuates according to rainfall variation, but the herbivore population continues to increase. In this case, vegetation and herbivores are uncoupled. In the end, the population is either limited by forage resources (in particular those offered by the key resources areas), or reduced by a new drought. Livestock thus becomes in equilibrium with vegetation in certain places at certain times, while it remains in non-equilibrium with the rest of the area.
It is therefore now admitted that arid grazing systems can behave according to both of the models, depending on spatial and temporal scale (Vetter, 2005) .
It is important to precisely understand the conditions of application for each of the models, because the associated management tools are distinct.
Mongolia offers a good opportunity to improve our understanding of the models applicability, since studies identifi ed characteristics of both of them in the country. In the north, the equilibrium model is predominant, while in the drier south, the non-equilibrium model prevails (Fernandez-Gimenez & AllenDiaz, 1999; Wesche & Retzer, 2005; Okayasu et al., 2011) .
In this paper we want to improve our understanding of the models' applicability at site scale by studying a system where the nonequilibrium model hypothetically prevails. However, some wetlands are present and we want to know if they can play the role of key resource areas. If so, we also want to determine to which extent these wetlands move the study site towards the equilibrium model. In this aim, we studied the local wetlands and drylands, and started discussing their distribution patterns. We did this through a description and mapping of the local vegetation communities.
Material and Methods
The study site is called Khomyn Tal. It consists of one bag (microdistrict), the smallest administrative unit of Mongolia, which is also the local livestock management unit. It is located in the west of the country in Onts bag, Durvuljiin district, Zavkhan province (center coordinates N 47°56'54.82''; E 93°38'29.36''). It is located in the semi-desert steppe vegetation zone of Mongolia (Hilbig, 1995) and according to the mapping by Okayasu et al. (2011) , the site is in an area that acts in accordance with the nonequilibrium model.
The region is a buffer zone of the Khar Us Nuur National Park (Fig. 1) . Lakes, such as Durgun and Khar Lakes in the west, Zavkhan River in the east, and large sand dunes toward the south form natural borders. The 2,900 km 2 area is a vast plain whose altitude gradually increases from 1,200 m a.s.l. in the north to 1,300 m a.s.l. in the south. A small rocky range called Seer is present in the south-east. Khomyn Tal has a typical continental climate, with average annual temperatures between 0 and -2°C, and annual precipitation between 50 and 100 mm (Tsegmid & Vorobev, 1990) . Winter is harsh: the daily average temperatures lies below -30°C for 30-40 days (Tsegmid & Vorobev, 1990 -Pedological data derived from a soil map (Tsegmid & Vorobev, 1990) -Vegetation density data with ten density classes derived from the Perpendicular Vegetation Index (PVI) well adapted to sparse vegetation (Panda et al., 2010) , calculated from a LANDSAT 5 satellite image of 2000.
These maps were superimposed by a GIS software (ArcGIS 9.1) to return polygons of identical altitude, soil and vegetation density (Fig. 2) . Only the polygons whose area exceeded 4 ha were kept. Smaller polygons were aggregated with their biggest neighbor. Finally, 239 sample polygons were obtained and considered representative of Khomyn Tal's ecological variability.
Field sampling. Centroids of the polygons were generated by GIS and uploaded into a handheld GPS (Garmin Etrex Legend Cx) to allow navigation in the fi eld. A fi rst visit of the centroids took place in May 2006 to allow a visual classifi cation of the physiognomy of the vegetation. From this, we defi ned a consistent length to describe species cover by the line point intercept method (Herrick et al., 2005) : -Wet riverbed dense meadow: 10 m -Sand dune grassland: 20 m -High foothill scrub: 100 m -Rest of the arid rangelands: 50 m Two hundred and thirty nine sample plots were studied by line point intercept inside the polygons between mid July and early September 2006. They consisted in moving a needle along a tape of 100 points, every one/hundredth of the above mentioned length. Contact of the species with the needle was recorded and cover calculated from the number of points where a species occurred. As 100 points were used, the number of times a species touched the needle was a direct percentage of the cover. Presence of species within one meter from the tape was also recorded, such species were attributed a cover of 0.1%. In addition, we look some 'fast plots' in route, where only the two dominant species were recorded together with the main ground substrate. Locations of these plots were taken by GPS. The species encountered were identifi ed with the help of keys by Grubov (2001) .
Only seeds enable one to distinguish between the local Stipa glareosa and Stipa gobica, they are therefore often lumped together in vegetation studies (Fernandez-Gimenez & Allen-Diaz, 1999; . As we had no seeds available at each sampling polygons, we also lumped them because it has few consequences on our purpose of discriminating between xeric and mesic grazing forage places. They are both nutritive grasses of desert steppe (Jigjidsuren & Johnson, 2003) .
Classifi cation of plots and description of the vegetation types. Sampling plots were classifi ed according to their species composition by a TwoWay-INdicator-SPecies-ANalysis (TWINSPAN) (Hill et al., 1975) , a polythetic iterative divisive procedure of classifi cation. The plots to classify are fi rst separated into two groups, and these groups are then re-divided in a repetitive manner until the operator considers subgroups no longer relevant. The statistical validity of each division was tested by Multi Response Permutation Procedure (MRPP) (Zimmerman et al., 1985) .
One plot was removed from the analysis because no plants were present, the ground was completely bare and TWINSPAN does not accept plots without vegetation.
TWINSPAN also classifi es the species by affi nity so that the fi nal output of the analysis is a table with groups of plots displayed horizontally and plant species displayed vertically. It helped distinction of xeric and mesic groups from plant characteristics found in the literature (Hilbig, 1995; Grubov, 2001) . When possible we compared the obtained types with those described in recent synthesis on the vegetation of the southern Gobi (von Wehrden et al., 2006) and Mongolia (Hilbig, 1995) .
The TWINSPAN and MRPP analyses were performed with the PC-ORD 5.0 software. The 'fast plots' were manually classifi ed based on the classes returned by TWINSPAN.
Mapping of vegetation types by remote sensing. Four SPOT 5 images acquired in August 2006 corresponding to the fi eldwork period were purchased. They were fi rst geographically corrected before converting them into refl ectance (Tso & Mather, 2001) . Then, as band modifi cation has been shown to improve land classifi cation accuracy (Krishna Bahadur, 2009 ), a neo-image with the 3 following bands was created:
Band 1: the fi rst component of spectral PCA* of the 4 bands of the SPOT images Band 2: the second component of spectral PCA* of the 4 bands of the SPOT images Band 3: the PVI calculated from the SPOT images*.
The plots classifi ed according to their vegetation types by the TWINSPAN were then used as a training set for classifi cation of this neo-image by a maximum likelihood classifi er (Tso & Mather, 2001) . At the end of the procedure, a confusion matrix was established with the help of the 'fast plots.' to assess the accuracy of the obtained map. All the procedures were operated with ERDAS 8.6 software.
Results
The TWINSPAN classifi cation (Fig. 3 ) resulted in 9 vegetation types, which were named after the dominant plants and further *principal component analysis on the four bands of the original images (Tso & Mather, 2001) characterized by physical features such as substrate, altitude or water proximity. We obtained a fi rst group of three mesic types and a second group of six xeric types. The species compositions are given in table 1, and a more precise description is given below. Regarding the analysis of the satellite images, the plant communities were mapped with an accuracy of 86.36% according to the confusion matrix (Fig. 4 and Table 2 ). Mesic types cover 
Mesic types
Reedbed (1,159 ha). The reedbeds of our site consist of almost monospecifi c stands of Phragmites communis, whose height is sometimes more than three meters. This type corresponds to the Phragmitetum communis of Hilbig (1995) . They are located along the shores of the lakes in the west of Khomyn Tal.
According to our mapping we have 1,159 ha of reedbeds. Such surfaces, not common in the Gobi according to von Wehrden et al. (2009) , are explained by the proximity of vast lakes that create very unique habitats.
Wet riverbed meadow (21,353 ha). Calamagrostis epigeios and Carex duriuscula are the main species of this meadow type community. The corresponding plots are located in the sandy Zavkhan valley and on the shores of Baga Lake. It has some similarities with the Halerpestidi-Hordeetum brevisubulati of Hilbig (1995) , notably by the rosette plants Halerpestes salsuginosa, Potentilla anserina, Triglochin palustre and the graminoids Juncus salsuginosus and Carex duriuscula. However, the dominance of Calamagrostis epigeios makes it distinct.
The TWINSPAN analysis included two plots where small trees had a signifi cant cover. One plot had a cover of 20% of the thorny Hippophaë rhamnoides tree, while the willows Salix ledebouriana and Salix microstachya represented 35% of the cover in the second plot. In addition, in the fenced release site of the Przewalski's horses, many groves of Hippophaë rhamnoides or Salix ssp. are present, sometimes in association. In the northern part of the release site, we visually estimated the woody cover at 75% (Fig. 5) . Lastly, we observed upstream in the Zavkhan River that the islets inaccessible to livestock are covered by Hippophaë rhamnoides and Salix ssp.
We therefore think that the meadow found in the Zavkhan riverbed is the result of grazing and that the local climax vegetation would be a forest with Hippophaë rhamnoides and Salix ssp. in the upper layer, such as the forests found in the nearby protected areas. This corresponds to the situation in the rest of Mongolian fl oodplains where centuries of grazing replaced woodlands with meadows (Hilbig, 1995) . Elymus sand steppe (8,770 ha). This vegetation type is located close to the west lakes in sandy substrate, and is dominated by Elymus paboanus and Achnatherum splendens. The presence of Phragmites communis and Achnatherum splendens indicates the proximity of the groundwater table (Hilbig, 1995) , qualifying it as mesic. It is close to the Glycyrrhizo uralensis-Achnatheretum splendentis described by Hilbig (1995) , but the dominance of Elymus paboanus makes it distinct.
Xeric types
Hard steppe (21,542 ha). The hard steppe is located in the north of Khomyn Tal, and is dominated by Anabasis brevifolia and Reaumuria soongorica, mixed with the grass Stipa glareosa/gobica. Its soil substrate is made of fi ne particles mixed with gravels. This vegetation type perfectly corresponds to the Stipo glareosae-Anabasetum brevifoliae, Reaumuria soongorica sub-association described by Hilbig (1995) and von Wehrden (2009) .
Psammochloa villosa community (139,827 ha). The Psammochloa villosa community is located in the south of Khomyn Tal on loose sand. It is the largest community type and covers almost half of the study site (49.80%).
The rhizomatous high grass Psammochloa villosa is sometimes mono-dominant, the only other species with a mean cover above 1% is the Artemisia klementzae shrub. This type is very close to the Psammochloa villosa community described by Hilbig (1995) We did not fi nd any correspondence of this association with previous vegetation descriptions in the literature. The surface of this type is not very high, 2.30% of Khomyn Tal, and therefore, its presence might be due to very peculiar habitat circumstances. Soil characteristics might partly explain this community as some present species, such as Salsola abrotanoides and Limonium aureum are alkaline tolerant (Grubov, 2001) .
Rocky hill community (2,511 ha). Some plots were studied in the rocky ranges of Seer, because the sampling map had returned points there, but this habitat is not a true pasture community. Mean canopy cover is only of 1.58 %, therefore its forage interest is negligible. This vegetation type is very close to our Foothill steppe, which is located downhill from the Rocky hill community. In terms of species composition, three out of the four of the main species of Foothill steppe, Stipa glareosa/gobica, Eurotia ceratoides and Caragana leucophloea, are also abundant in this community.
Discussion
We classifi ed and mapped the vegetation types with an accuracy of 86.36%, which is more precise than a previous analysis without band modifi cation of the satellite images. Without this treatment, accuracy was 80.77% (Joly et al., 2011) .
The data set of 2006 used in this mapping did not allow separating Stipa glareosa from Stipa gobica because very few seeds were present. However, since then we regularly visited Khomyn Tal and most of the seeds found were of Stipa glareosa. Stipa gobica was only found on a patch of Speargrass sand steppe at the Seer foothill. This patch must be slightly moister than the rest of the community as it benefi ts from the runoff from neighboring hills. This observation is consistent with previous descriptions that found that Stipa gobica needs more favorable water conditions than Stipa glareosa (von Wehrden et al., 2006; , and that Stipa glareosa is the most widespread in the desert-steppes of Mongolia (Hilbig, 1995) .
The mapping showed that 88.86% of the site is made of 6 xeric types. In the vast Psammochloa villosa community, the eponym species is predominant, and in the 5 remaining communities, among the species with a signifi cant cover, Stipa glareosa/gobica is the most nutritious according to literature (Jigjidsuren & Johnson, 2003) . From a forage viewpoint, the xeric area can therefore be separated into Psammochloa villosa and Stipa ssp. zones.
The remaining 11.14% of Khomyn Tal is made of mesic types that are connected to the water table or lake shores. In the case of drought they have a more reliable access to water so that their primary production variation is supposedly lower than in the neighboring drylands. In addition, we have observed a signifi cant impact of herbivory on the vegetation structure in the riverbed, which covers 7.61% of the site. When it is protected from livestock, a mixed Hippophae rhamnoides/Salix ssp. woodland develops. Grazing and vegetation are therefore coupled in this community, which puts it in the conditions of the equilibrium model. Consequently, the riverbed corresponds to the defi nition of a key resource area, and thus, from a spatial viewpoint, at least 7.61% of Khomyn Tal surface behaves according to the equilibrium model.
Calculating this percentage is a fi rst step in identifying the limit between equilibrium and non-equilibrium in our study site. The response to grazing of the rest of mesic vegetation types and neighboring drylands remains to be described, to fi nish calculating the area in equilibrium with livestock. In addition, to treat the temporal viewpoint, we need more information on livestock dynamics. In particular, we must assess the capacity of our mesic types to produce enough forage to become a signifi cant factor of livestock number fl uctuations, and the capacity of pastoralists to be mobile enough to utilize all of them. A precise knowledge of breeding and herding practices of our site is therefore necessary to continue investigating the threshold between equilibrium and nonequilibrium models in this site.
